INTRODUCTION
The ensemble Kalman filter (EnKF) (Evensen 1994 ) is considered to be a promising four dimensional data assimilation scheme, as it naturally incorporates inhomogeneity and time dependence into the background covariance. It also provides an ensemble of analysis fields that can be directly used as initial conditions for ensemble forecasting. Its potential to serve as one of the major assimilation schemes in the next generation is being widely explored in various contexts.
In the EnKF, the ensemble members are regarded as Monte Carlo samples from the probability distribution function of the atmospheric state, and the modification of the fields is determined based on the statistical properties of the ensemble members. Thus, it is important that the ensemble adequately represents the possible uncertainties of the forecast fields. Besides one of the forecast uncertainties that is commonly taken into consideration within EnKF, which comes from the uncertainty in the initial analysis field, recent studies of ensemble forecasting indicates that there is another important uncertainty which comes from the imperfect * Corresponding author address: Tadashi Fujita, NOAA, National Severe Storms Laboratory, 1313 Halley Circle, Norman, OK, 73069; e-mail: Tadashi.Fujita@noaa.gov representation of atmospheric processes in the model (e.g. Stensrud et al. 2000) .
In the present study, the assimilation of the hourly surface observational data is performed using an EnKF scheme. Our focus is on investigating the role of the uncertainty in both the initial and boundary conditions and the model physical process schemes in the assimilation process. To this end, the ensemble Kalman filter using an ensemble with diversity in initial and boundary conditions, an ensemble with diversity in the model physical process schemes, and an ensemble with diversities in both the initial and boundary conditions and model physical process schemes are performed for two cases and the results compared.
Experiment a. general configuration
The EnKF experiments are performed for two cases: 1200 UTC 1 July 2003 -1200 UTC 2 July 2003 (hereafter, the July case) and 1200 UTC 8 May 2003 -1200 UTC 9 May 2003 (hereafter, the May case). In each case, assimilation by the EnKF is performed during the first 6 hours of the period, followed by an 18-hour ensemble forecast.
The forecast model used in this study is the non-hydrostatic fifth-generation Pennsylvania State
SURFACE DATA ASSIMILATION USING AN ENSEMBLE KALMAN FILTER APPROACH WITH INITIAL CONDITION AND MODEL PHYSICS UNCERTAINTIES
Tadashi Fujita*(**,***,****), David J. Stensrud(**), and David C. Dowell(*****) **NOAA, National Severe Storms Laboratory, Norman, Oklahoma ***Sasaki Institute, University of Oklahoma, Norman, Oklahoma ****Numerical Prediction Division, Japan Meteorological Agency, Tokyo, Japan *****Cooperative Institute for Mesoscale Meteorology Studies, Norman, Oklahoma
1M.3
University-National Center for Atmospheric Research (PSU-NCAR) Mesoscale Model (MM5) (Dudhia 1993; Grell et al. 1994) . The domain configuration is listed in table1.
During the assimilation period, the observations are assimilated every hour following the formulation of the ensemble square root filter (Whitaker and Hamill 2002) . The observation types assimilated in the analysis step are potential temperature, u and v components of the wind, and dewpoint temperature. 00, 0.99, 0.98, 0.96, 0.93, 0.89, 0.85, 0.80, 0.75, 0.70, 0.65, 0.60, 0.55, 0.50, 0.45, 0.40, 0.35, 0.30, 0.25, 0.20, 0.15, 0.10, 0 .05, 0.00 Table 1 . Domain setup used in the experiment. 
Results and discussion
a. the July case (1200 UTC 1 July 2003 -1200 UTC 2 iii) rms difference time sequence
Over most of the assimilation period, the EnKF runs yield smaller rms difference between the ensemble mean and the observations, averaged over the observation points, than the control ensemble (Fig. 3) .
The BGM+physics ensemble gives the smallest rms difference of the three EnKF runs. In u and v, the reductions of the difference by the analysis steps in the During the forecast period after the assimilation, we find smaller rms difference in the EnKF runs than in the control ensemble for approximately 3 to 6 hours after the assimilation. This suggests that the assimilation by the EnKF has a potential to provide an improved surface environment for several hours after the assimilation period ends.
iv) rain probability distribution
From the ensemble-forecast probability of accumulated rainfall over a 6-h period exceeding 6 mm, we infer that at 0000 UTC 2 July, the BGM ensemble (Fig. 4a ) has a broader accumulated precipitation distribution than the physics ensemble (Fig. 4b) The BGM+physics ensemble (Fig. 4c) gives a probability distribution over the widest area. It has a broader distribution of the precipitation probability than the physics ensemble, which comes from using the different initial conditions, but at the same time, its distribution also shows more fine-scale structures than that of the BGM ensemble, because of the diversity of the model physics process schemes.
Comparisons with the NCEP stage IV 6 hour accumulated precipitation distribution ( hours after the end of the assimilation period (Fig. 8) .
Although a relatively large gradient in the dewpoint temperature is seen across western Kansas, Oklahoma, and northern Texas in the control ensemble, it is broad and the northern part in Kansas is hardly recognizable 
4.Summary
The assimilation of surface observations using an ensemble Kalman filter approach is evaluated.
We produce ensembles in three different ways, by using different initial and boundary conditions (the BGM ensemble), by using different model physical process schemes (the physics ensemble), and by using both 
